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A. . .ELECTRIC POTENTIAL DIFFERENCE 
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(57) Abstract: A stainless steel for a solid polymer fuel cell separator, which has a chemical composition, in mass % that C: 0.03 % 
or less, N: 0.03 % or less, Cn 16 to 45 %, Mo: 0.1 to 5.0 %, provided that the sum of the contents of C and N is 0.03 % or less, and 
the balance: Fe and inevitable impurities, wherein the Cr/Fe ratio calculated from the contents of Cr and Fe contained in the passive 
state film formed on the surface of the stainless steel is 1 or more in terms of the atomic ratio; and a solid polymer fuel cell using the 
stainless steel. The stainless steel exhibits good corrosion resistance and also has a low contact resistance (that is, exhibits excellent 
electroconductivity). 
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nlfigj: AE, AG, AL, AM, AT, AU, AZ, BA, BB, BG, BR, 
B W, BY, BZ, CA, CH, CN, CO, CR, CU, CZ, DE, DK, DM, 
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, HR, HU, 
ID, IL, IN, IS, KE, KG, KP, KR, KZ, LC, LK, LR, LS, LT, 
LU, LV, MA, MD, MG, MK, MN, MW, MX, MZ, NA, NI, 
NO, NZ, OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG, 
SK, SL, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, 
VC, VN, YU, ZA, ZM, ZW 

(84) fttBfSiico&iMBy* ±x<Dmm<»fcm&m&'zi 

S6J: ARIPO (BW, GH, GM, KE, LS, MW, MZ, NA, SD, 
SL, SZ, TZ, UG, ZM, ZW), 2~r>7 (AM, AZ, BY, 



KG, KZ, MD, RU, TJ, TM), 3 — Q y / $ (AT, BE, BG, 
CH, CY, CZ, DE, DK, EE, ES, FI, FR, GB, GR, HU, IE, 
IT, LU, MC, NL, PL, PT, RO, SE, SI, SK, TR), OAPI (BF, 
B J, CF, CG, CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, 
TD, TG). 



T. N£0.03ft4%JaT. Cr£l6~45f|*%. Mo£ O.W5.0il%^L, i^C^tti N&^M.CDaiitfO.Ql 



WO 2005/035816 



PCT/JP2004/008401 



m ftim ^fif^tat /< v — $ m * x > v * m& £ t*«t © * x >- u * 

^^WW^ M^ttfcflltl/S i fcfcSSftfett^E fit (contact resistance) 
©*$V>@fril&&^M&tt«?6 (solid polymer fuel cell) * (s 
epara tor ) ffl * X > ^ * m ft b -t © * X V 1/ * mU± * \s ~ 5 £ ffl V > 

3g^ N jfe^^^cD^^^b. CO, t#fflU4V> 

(phosphoric acid type fuel cell), &gfc££g£:£M&$l'% 
m (molten sodium type fuel cell), @#®#S3L*&!|SMt?& (solid ele 
ctrolyte type fuel cell), TJV% JJ SJftftttftL (alkaline type fuel 
cell), SfrHG^SiJSMSMiJfe (solid polymer fuel cell)3£i&SM3&£ft 
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(b) «^s«i*#©6ifli, ^mit^mvh^, 

( c ) n#mv±±\fv%z. 

mi- gid/Ttiptc, #*fem«2, 3 (fc> 

fcfcfil-Sffig^ft: 1 tt. ME A (-f-Jfefe*) Membrane-Electrode Ass 
embly ) Pf tlTfe i*^* t * Ol©tlffit &&^ftfe|&£*I 

&10jKm~&100 /imt'feS, ^^tetl2, 3 wt, 1 
(A) ¥-fc/MWSrl»T5BIM 

(b) &±\sitn*t:m&mmft. 
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I 

mmmofemmmmmmtvx&mt$tiz>®-&\$, m ±0000 mm tm%. 

ffcil^ttlcMLttts ±s<u]-?4, 5 £#*i£ifcjf 2, 3b 

<DmMi&m*mj3fc^z titm-nini. ^©isf^ 5 

I 

ME£T*^, -fe^l/-^4, ^'i: UT ^77 h (graphite) £rffiV> 
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£ ;tff 8-180883 ^NMfcfctt, ^#H&m£r 1^1^*^ 

^-^V^ (carbon material) t it^-X^M^U^^Z # < N L^t>»^: 

m^X? tlT%&,fytffj:istlX\,^ 0 tzbtL&ftm 2O00-239806 #<&fg 
•^#51 2000-294255 -§-<^#^fi N Cu, Ni ZmMft^mM L fc±T% S, 
P, N^O^&&^7c|t£{£^U ^oC + N^0.03ff%, 10.5^*% 
^Cr+ 3 XMo^43«*%£^£-f S-fe^W-^ffi^-^-T 

*^H§^£;ftTV^o #H 2000-265248 ^^^M 2000-294256 
<km^, Cu, Ni£ O^Rftro^T^fiJULT^M-r^-^^^ttl^^x. 
tc±X\ S, P, N^^^^Tcmtrig^L, ^oC+N^0.03 
10.5 W*%^Cr+ 3 XMo^43®*%%MJ£-t-5-fe/N°Tx— ?m7^?«( h 

^x^yuxm&m^ztix^z,, 

X, ^Ff&ii&iKpassive state f ilm) n t \Z X o T , ^® 
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10-228914 SUS304 ^(D&Jiir^ (Dig® 

fl?/^p^£;ft-tv^3 0 ^V^foot^tetfy/jN-zv (pinhole)© 

£fc#HS 2000-277133 ^#{Cfi N 7^7^ h ^ * X ^ V* (f erritic 
stainless steel) $|^#f;:#-jj? HT^ «;^fc^4£&& 

^ #B! 2003-223904 *fflKA#, Lfc3§3J! T% 

KCS^t^fyV^^jglDtlil^ (surface roughness) (Dj^#^o 
V^T^^I^ LT*5 «? % X7r^U*m<DM'&U£ % Ra : 0.01 /*m~l/znu R 
y : 0.01-20^ m itS^itJ; 0»tt8ft^ffiHlt5r i SrlH^UT^ 
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C£r 0.03®4%^T^ N& 0.03 W*%&T. Cr £ 16-45 
Mo& 0.1-5.0 ®*%^irU ^oC^^ft^N-^^TiO^fi- 
^ 0.03 fi%J^T^i£U aiFP^ Fe^i^Rlji^^^^^b^^ 

mBfeWk\Z^£tlZ> AU Cr*3 J: tfFe ©JJSt^fcJfc (atomic ratio)Cr/F 
e^im±T% ^oH^^it Al/ (Cr+Fe) # % 0. 10 pfc^-C & 5 
^^MS^i? ^ * ffi * T is fX^T' 5 o 

£fc, C£ 0.03®*%aT, NSr 0.03R*%WT, Cr £ 

20~45^*% N Mo £ 0. 1~5. 0 ir*%^U ^oCttitNMi 
^)^H-^ 0.03jH:%^T£#5£U ^^Fe^i^^-srag^I^^^^ 
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S©^iMI^f^tl5 Al % Cr fcitf Fe (D^WcSt Cr/Fe ft 1 
±T% ^Oj^^^JtAl/ (Cr + Fe) # N o. 05 Tfcii^fc § H#ft&-?-£lJft 

m % ^ 6 ^ - * ffi * t v * m X' h 5 o 

t.it, #3i0Jm. ifa^t-^T, fflB^x^ i/^^^, ftrlB;S&/& 
KM^xrmo (D~(4) ©n^f>i(^§ii^±^tt5i^ii 

(1) Si :. 1.0fi%^T 

(2) Mn: 1.0®fi%^T 

(3) Al : 0.001-0.2 R*%^T 

(4) Ti £fcf3Nb Sr 0. 01~0.5 5 Ti *3 £ Nb 
fj- 0.01-0. 5 Wi% 

^t|-e#fe-r5^^ : O(H) CDO(M) /O(H)^, H^^JtT* 0.9^T 

-e& 6 @ ft*mmnn,m j k $ % * t ^ v * m t? *> s . 

#3&9§«^ JbfB&Wfclfcl^T, Cr 3&5 % 20-45 fr*%T'fc S @# 

us # ^ » ** * » * ^ ^- * ffl * x * v * m t? 5 o 

fl^^HUs m@ (electrode) *3 «fc lMr/<V- ? Sftii&^SMM-® 
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01 : mw-mfr*mmw^nM*^mz7Fir®nmx*3bz> 0 
i m-mmm^Vf, 2 3 #x&®.m 

mWiX'fe, C : 0.004®*%, N: 0.007 ®*%, Si: 0.1®*%, 
Mn : 0.1 ®*%, Cr : 30.5 ®*%, Mo : 1.85 ®*%, P : 0. 03 ®*%, 
S : 0.005 ®*%£^U ^RQJEJiSrJSLyt^sy^ h^^xw* 
#3 OKJP 0.5mm ) %mtft\stc 0 Hfc©***^*****^***!! ( 950°C, 
fcfffcofcflK S^-C 600#flPIi«:ff*ofc. £fc> 
^^-60°C(D 75^%H 2 +25^%N 2 #ffi^^-e^i£ ( 95 
0«C, 2&m) &*TftV\ V^#5 3feflMI$fc (Bright Annealing. ^P|B 
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Atmir)i±±ift viz, mm*iom&%, MWt*5owm%, 

mft (50mmX50mm) I:4MIT, HI 2 t^-f <fc 5 2 Ifc^atf 8 
£ N ^(OMiliJ^ bUC^Ct ^3ft©*-^^w? (IHI TGP-H-1-2 
0) 9X^2^^^, £ kfc$i&fc&fco#£i£L;/tm@ 10 

137.2N/cm 2 (-f&fr^ 14kgf/cm 2 ) <£j£^&7^ttT 

fc:^$j®£>ifc (=2) ^IfcUU^&ttSft**: l^. 

(J¥£ 0.3mm , SUS304^^) *5,fctf ^7 7 T H3£ (J? $ 5 mm) 
mi KffiltXTF-fo gfttttttttf 10m Q • cm 2 E*T-C&*utfx ^^Mife 
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##&(photoelectron spectroscopy) K £ o T$!]^ t> tT*— ^:frl£?fe(pe 
ak separation method) fc <fc 9 ^f&fr&m* (1~ft *> ^MSJtfUi) <£> Fe, 
Cr, Al <DX-<? (spectral intensity) £^ ft U ^KD^^^h 

/V3ft**5it;#7C*©*|^S^*(relative sensitivity) (f^fr^ 
*XL^ h/Hii«iJHC^»[©Jft||tflUft) d^M^ttCr/Fe^itf Al/ 
(Cr+Fe) £#tf|Lfc 0 1 

^iMlmtf ^tlSO Oft*) ® 5 W ^JSHflSfc (metal oxide) 
^^^•C^-fS^ : 0(M)fc, Stm-fcSLfctto (metal hydxide) tf>#tfi 

JtO(M) /0(H) Sr&fcfclLfco Z<D%5%z%miK7p-t 0 

*S8x ^^T^V^^3tm^^S!l^^S«KRAT0S!i:M AXIS-HS T% 
Al-Kaj»Sr®3eait tT, JngfcJE 15kV % 5nA O^fe#T*a0^ U 

fcJ:o-r«*k«ttfl[ttttTi-«. **tti&«©l)K^*Jfc cr/Fe # 

l£Jt_bT?fc;h^ i'l' tt 10mQ • cm 2 UT t ft 
fc^fcttftttte*"*-*^ Cr/FeifctfS ljfeSt^ +^fc*jft«tft*Sffi* b 

fcv\, £fcJI-?§cito(M) /o(H)-c o.gj^KIt ggftbS^tffids * b 

|C|SiLT8mQ • cm 2 £lTt*5. 
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5 Cr, Fe, Alfc»U-CW^»Jt Al/ (Cr + Fe) 0. 10 ft tf. 

' B AtfcJLlf <h Lfc^x^W^^O^mftfltte 10m Q • cm 2 b ft 

<5 o 

Sft&ttlftf 10m Q • cm 2 ^T"Cfcjl«, Mft©#ttl-I5^^ 
MMKXHfSftV*. 

Cr^Fe Oj^^^ISS 

Sftfcfl ioitiaot, ^lMlo^^§:iItti« 

^XJ*}*W £>>-Cteftv^ 5> < M^Sctt: Cr/Fe <z> Jn fc: «fc 5 SHBs 
Kif©^Rl«s«^Ufcfc«)T*>5^ JB§mRJtO(M) /O (H)©{BTi-£5 

jgl^fc&V^T, 3MH4©teV^ A1M^5&5^J>1~ 5 - ± 5 t> © £ 

& ft<5o 

• C : 0.03^4%^T, N : 0.03Rir%£*T, C + N : 0. 03 ®*%J^T 
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«U ^Tftt>"£^r*#/.h&VM3;£#£ L< N C : 0.03 R*%£*T, N : 0. 

C-g-^ft^N^-^AO-a-tl- (^Ts C + N£V>?) # 0.03 

Lfe^otC + Ntt, 0.03g*%^T^-t-2>o #£U<Wu C: 0.015 
M%KT, N : 0.015^ft%^T, C + N : 0.02«*%£AT-efc5. 

• Cr : 16 -45 Jf*% 

Cr/Fe & 1 ^ItllUt, gft&fttf & 10m Q • cm 2 KTit5ifc 

Ifc^o-CCrm^ 16 -45 K4% i: Lfc, 
V"<^©S»IB^ttSr*«) b ft ^ Cr ^ 

^r*j&*]i5VMa5 #^TfU*©TN 0£L<te 20-45 5. £ hK. 

ft* U< ft 22-35 W*%T*fo6 e 

• Mo : 0. 1~5. 0 ®*% 

LT&m#ffiJiK:fc*. tfc^oTMo^tift 0.1~5.0fl°/oa 
fc„ 0£L<tt 0.5-3.0 WM%-?h%o 
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•Si: 1.0fi%^T 

sat, n , B.(otz.mz.^Wii%Mx*h } o , ^ w 7.m<omu^-^w^ 

6 0 Ufc^oT Si^*<£>Jil&£ 1.0SC*%i-f 5<Z>3S#;i:LV\ 
M0£ L< J3: 0.01-0.6 fCA%T*£>5 0 
•Mn: 1.0fi%^T 

tH7tmx*h^>o :©M^#5fcfei;:it o.oiRft%^_h^^^LVN 0 
u<te o.ooi~o.8 R*%-e&s 0 

• Al : 0.001 — 0. 2 R*% 

fcfc ft. 0.001«*%^±;M^-t*fc£o 0.2 ^*%^@^T«P 

fi N 0. 001-0. 2 Ii%it5^^0f UV\ 

• Ti £ 0.01-0.5 ®ft%£fcteNb £r 0.01-0.5 ®ft%, Ti *5 
£tf Nb tr^fi- 0. 01-0. 5 W4% 

Ti ^Sitf Nb te, *x ^l/^^C, NSr^fttli: Lt@^t> 7 s 
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3SUfcftffl£Sii£U Ti*fcttNbSr«in-f-54ir'g'ttx Ti 0. 01 

Rft%&±£fcte Nb 0.01 Jt*%KJi"C*©«l** s *iP*H5. 

Ti $5 it/ Nb §r»i-^^^«s Ti *5 ±tf Nb £^ff 0. 01 
ItttSi:, *©&*#3Bj¥£:h,5. -2t\ Ti * fete Nb £»p-r 53§ 
lH-> Ti<M"*# 0.5R*%*fcttNb : -£^ft# 0. 5 ®4% £ jg*. 5 
fc N j eo^im^^fPi"5o £fc Ti ^it^Nb *4§£-W\ Ti&J: 

t/Nbtf^ff 0.5fi°/o^ili5h J t03b*8:*&?ni"5. LfcflSoT T 
i £fcftNb zmvfZ>M&\$, Ti£ 0.01-0.5 5t*%*fettNb 0.01 
~o.5 Ti*5<fctfNb &tSJq-*-5*t£-Wu Ti *5 J; Nb &■ 

^ff 0.01-0. 5 R4% 3*5 LV\, 

|Rl±i-5^:«)tJ:±l5Ufc5c^Oflfe^x Ca, Mg, REM (-rftfc>*>#±S5c 
^-fSfc&fc, Ag: lfi%£JlT, Cu: 5 R*%E*T<£r8s*n U $ b fc: A 
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. X^^Uxmm^WVTfffllMfemvm+mit Cr/Fe: l£*_b 

ftS fcr/Fe Jfc Sri* < 1*5 . $FlB U^c^^^mT^PJ Lfc» t> > 
lOmQ • cm 2 ^T<Z)^&ftlii£#5fc&fc:f3:, it Cr/Fe £ 1 

. xT>uxmmm^<D^mn&m(Dm*w:i£ o (m) /och) : o.q^t 

fc-tz&m (i-^^^)O(H) ) cDM^ifcifcO(M) /0(H)l:il<t5(D^ 

^%)T*hz> 0 mm^tcmmn%xmwLtcmv ,m*&itoQo /och) 

£ 0.9£*T£1-*U^ 8mQ • cm 2 WT^>^MJ£^it^# btlZ> 0 

- >u*mfc^m <D^mn&m(Dm*%t}£ ai/ (cr+Fe) o. 10 

±tf ^Wmti-ktf (DXTlsUXmUfc&^X^ %mm%& (bright anneal 
ing, ^T, BAit±tf^^-To ) ^^fc^^^^^^^T^^#^^J^ 



15 



WO 2005/035816 



PCT/JP2004/008401 



WIBLfc3H*tt*-eRBLfca!K TfMMBzmo Cr, Fe, Al <D Witt 
JfcAl/ (Cr+Fe) £ 0. lO^iti-Tftf^ B A{fc±tf ? > V ^mUK 
&\^Xh 10m Q • cm 2 &>T <Dmf&&foW&n bfrZ o 

It Al/ (Cr + Fe) & 0. 05 *iK 

&-r<<xmm"?%, mmMir^^m\t^\ mm, m*-&mu mtw-n 
gmMMM®& (ss-vod) ia^^M^^^it*fc5 0 m/k%m*s 

fi % 1 0 0 0-1 2 5 O'CR^PUft*^ ^WJEEJEfcJ: 0 MSOlSff <0fUE« 

So -<^Ml£te> 800~1150°C£)?f&@&$s&£^ ifeifcSftfc^ ?fr|fflJE3i 

UTBf^MB p Dl»^U fc5V^2£bK:800~1150 o C<O!^gi6, fc5V>tt£6> 

7 0%^±^1-6 o ft, Miactft &]KjMtiHc^0ffiJ(£ffi(skin 

pass rolling, *^y?*fflg^0 St^Bx.^ 5 ^X^hfllt^^V 

*tttB&R©Cr^S;, Fe^^T*, Al^i&itfO (MO <Z>#£ 
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^(c^UT^mo^^tr 2-10ftg*K:Ufcifc»*-e.lR : ? : »tt;Cr/Fe 
mto-rzbbhfco (M) /o (H) ^>u, ^»3fcfe*^»feixfc. 

tlxfyw^oll SStfcXtf^^^CT, S*Ki5«!!lt5» 
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'rtftoXh&^o fcfcU m^rWcit Cr/Fe, O (M) /O(H), Al/ (Cr 

+Fe) *mj£<D&m\zgfehxMn"rz>tc&w*s mn^x^^fmm^ 
m*&mi-z3&ti&hz><Dx\ ir^ u-* M*nx vtz'&xmf&m&fam 

HJiM l 

£Xffamnn£mmM&£%km& (strong stirring vacuum-oxyg 
en-decarburization N SS-VOD«t) !aoTi2i^t^© 
^ry^«^|U £ felC^^^jtgfelc: <toTJ?$ 200mm (D^yzf 
h Lfco r©^?/^ ^sotmftnff&bfc^ B^HM^i oTJ¥$ 4mm 

wil^fyi/^iiu ( 850~noo°c) &&i$m$c®i 

S^mLfc e ^FIEItiotJI^ 0.3mm i: U ££>^i£ ( 

850~1100°C) *5i«»t, fi^J£3i£?TftVV V^#5 2Btfc 
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&frt> 200mmX 200mm (D&mft * 4 ftToisU 9 ffl bfd„ ^#-5§- 1 ~ 9 tf> 

*j5(D-ir^ I'-* ^^^j^^^om^P^^S^SS LTlI^ifcJt Cr/Fe 

10M*%^^^: 50®*%^ V >-m* 1 S*%-ai?^$c (5 
0^, 120 #) kSV^SB : m%t* 5 MA%t 7 20 WM%^tsfe 

m (50°C, 300 $>) teft^tco £ 5 £ 6 Kiov^te, ^x^^* 

£$<£l£l&&;i-j!£lft{C|S^ib;ft5^ 1 : 8Si%5lt+2.5fi% 

7^1, 55°C, 300 0\ i$2:5fi°/oJli + 3fi%7j/^ 40°C. 6 

oo#) zft^tcmmmmzn^tco 

Hf^ifcJt Cr/Fe, O(M) /O (H) 43 J: Al/ (Cr+Fe) OSfl3t 
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it ^Mcm^imm socm 2 <Dm-nmm&fc 1 wt^%m fcs 

0-MEA ) &fl^-C\ 01fc*tfft©*t/^^l/fc. ^ir/KD^ 
£fcj&6 ^7k^MS&7 te, ^-ftlhMZ 1mm, <f 2 mm <B U 
17?iJIE®Lfc„ .^y- Kflafc:»£^£3fc"U T /- Kffif 
m (US. 99.9999 $M*%) £ 80± I 'CKfikW Ltcs<-? 7 t)JDSbfc 
tMlt, m^^^ 0.4A/cm 2 &cfctf 0.7 A/cm 2 

2) <0tiJ#mjE3rS0J£Lfc e 

0.4*5£tf 0.7A/cm 2 <D3M*F"? 2000 tflBfcfrfcoTaUfc 
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